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ABSTRACT

A septum and an impedance matching post are used as a beam equalizer
in an open-ended waveguide-feed for reflectors used in satellite communica-
tions systems. The performance of this design over a frequency band is

evaluated using a spectral domain approach. The computed radiation

patterns in the E- and H~planes, as well as the results for the impedance

match, are presented in the paper.




1. Introduction o« ¢ ¢ ¢ o« o« o o ¢ o o o o o s o o ¢ o o s o o o » 1

* II L] Analysis . . L[] L] L] - . L) . . L] . L] L) . . . . . L L] L L] . L) . . 2
ITII. Computed ReSUlts . . « « ¢« « « 2 o ¢ « s o o o o o ¢ + « s « o 23
Iv L] conclu ions . - . » L d L] L] L] L . L] . L] - L4 L] L] L] L] . . L] . L] - L) 23

References @ & & 6 & & & s 3 B ST s S B B & & &6 & e & & ¢ s ° o 31




Figure

1.

3(a).
).
3(0).
4(a).
4(b).

4(e).

LIST OF FIGURES

Geometry of the waveguide with septum and post. .

Location of poles in the integratiom path of
integrals in Eq. (21) . . . . ¢« ¢ ¢ ¢ « 4 ¢ o . .

Radiation patterns in E- and H-planes at lower
bandedge of a 10% center frequency band . . . . .

Radiation patterns in E- and H-planes at center
frequency of a 102 center frequency band. . . . .

Radiation patterns in E-~ and H-planes at upper
bandedge of a 107 center frequency band . . . . .

Aperture distribution at lower bandedge of a 10%

center frequency band . « « . ¢ ¢ ¢ ¢ 4 e 4 e . o0 .

Aperture digtribution at center frequency of a
10% center frequency band . . . . . . . . ¢ . . .

Aperture distribution at upper bandedge of a 10%

center frequency band . . . . . . . .

Page

17

24

25

26

27

28

29




Table

2.

s T A5 vt St A e S o gl L D

xi

LIST OF TABLES

g A 7 e TR AR -

BASIS FUNCTIONS IN SPATIAL AND SPECTRAL DOMAINS . . . . . .

REFLECTION COEFFICIENTS OVER THE FREQUENCY BAND .

Page
14

30




I. Introduction

Rectangular waveguide array feeds for reflector antennas play an
important role in the design of satellite communication systems. To make
the radiation pattern more symmetric in the E-~ and H-planes of the feed,

a beam equalizer is needed. The design used in this case is a septum placed
across the mouth of the waveguide such that the aperture distribution is
reshaped to satisfy the new boundary conditions imposed by the septum.
Consequently, the H-plane radiation pattern is narrowed to approach the
E-plane pattern, thereby achieving the beam equalizing effect. However,

the introduction of such a septum creates an impedance mismatch problem for
the feed. To alleviate this problem, a matching post is placed behind the
septum so that the reflection back into the waveguide is minimized.

The performance of this design over the desired frequency band is
evaluated using a spectral domain approach, or more specifically, Galerkin's
method applied in the spectral domain [1]. The scattered fields on both
sides of the beam equalizer are represented in terms of their Fourier
transforms or spectra which can be related to the induced surface currents
on the septum and the post. These unknown induced currents are expanded in
terms of known basis functions and unknown coefficients. A matrix equation
for the unknown coefficients is derived by applying the boundary conditions,
and the moment method is then employed in the spectral domain to solve for
these unknown coefficients, which in turn give the answer to the unknown
scattered fields. The scattered fields for all modes obtained in this
manner are then used to compute the reflection and transmission coefficients

for each mode, propagating or attenuated. A tacit assumption made is that

the scattered field on the open-ended side of the waveguide is the same as




that in an infinitely long waveguide containing the beam equalizer. In

other words, the truncation effects of the waveguide are ignored in
this analysis. The transmission coefficients are used to weight the
radiation field due to each mode of waveguide and the superimposed

radiation pattern is computed. The reflection coefficients are used

to assess the impedance matching performance. Numerical results indicate

that the E- and H-plane principally polarized patterns are equalized

extremely well over the entire frequency band of operation and that the

impedance matching is also quite satisfactory.

II. Analysis

The geometry of the waveguide with septum and post is shown in
Figure 1. Since the cross-section of the post is very small, the post
is modeled as a narrow strip to simplify the analysis. The incident
field is propagating in the z-direction towards the post as shown
schematically in Figure 1. There are surface currents induced on the
septum and the post due to the incident field. The scattered fields
radiated by these induced surface currents then propagate in both the
z-direction and the ~z-direction, giving rise to the transmitted and
the reflected waves, respectively. In the following analysis, the
truncation effects of the waveguide at z=0 are ignored, as though the
post and septum were located in an infinjite guide.

The incident field in the waveguide can be expressed in terms of

TE and ™M modes in the usual manner:

TE modes:
nm

i muéﬂﬂ) nr mi
E, = Jh "‘;2‘— cos 6}: x) sincir y) exp (--jBlm z)
c
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Figure 1. Geometry of the waveguide with septum and post.
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The scattered fields can be expressed in terms of their Fourier

spectra, which are in turn related to the Fourier spectra of the induced

surface currents. The Fourier spectra of the induced surface currents
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are then solved for by the moment method applied in the transformed,
i.e., the spectral domain. Specifically, Galerkin's method is used
in the present analysis — the same basis functions are used as testing

functions in the moment method. Upon solving the spectra of the

et I i o o S i O i R 05—

induced surface currents, the scattered fields can be obtained in
a straightforward manner. The analytic details follow,

Corresponding to each incident mode, the scattered fields E: and

E: can be represented in the following form:

E: (b/2<y<b) . sin[Yn(b-y)]
= cos (%? x) {m fn(a) exp(-jaz)da,
ué: (0<y<b/2) sin'y_y
(2)
E; (b/2<y<b) i sinly_ (b-y)]
= sin (%?’X) f gn(a) exp(-jaz)da
:'Ez (0<y<b/2) sin Yo Y
—
where
’ 1/2
a [12- @2 | 2
v, = (k5= )7 - o) (3)

and fn(a), gn(q) are the unknown Fourier spectra to be determined. The

expression for E; is then obtained from the Maxwell's equation V - E = o,

giving

cos[yn(b—y)]

E2 (b/2<y<b)
y nw *
= sin( x) fc hn(a) exp(-jaz)da

(4)

8
Ey (0<y<b/2) -cos Y, ¥
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ED £ (@) + o g_(a)

Y
n

hn(a) = (5)

Now that we have E, we can find H by using the curl-of-ﬁ Maxweli's equation.
However, in anticipation of relating the H-field with the induced surface
currents on the septum and the strip, only the x- and the z- components of
the H-field are computed, giving
B (b/2<y<b)
. sin'(Pal X) fq exp(~-jaz)
-

H: (0<y<b/2)

[‘Yn g () + ja hn(a)] cos [Yn(b-y)]

da
[v, 8,(®) - ja h ()] cos vy
HY ®/2<y<b)
= j-m_lu cos(%:L X) / exp(-jaz)
'H: (0<y<b/2) )
. [Yn fn(a) + (Bf-) hn(a)] cos [yn(b-y)]
da

am
[-Yn fn(u) - (—a—-) hn(a)] cos y_ ¥




The induced currents on the septum and the strip can also be expressed

in terms of Fourier spectra. For each incident mode, we have

Jz (x,y = b/2, 2) Sin(%“' x) f j‘z(a) exp (=jaz) da
= @)
Jx (x,y = b/2, 2) cos(% x) f jx(c) exp(~jaz) da

where jz(c:.) and jx(a) are Fourier spectra of the induced surface currents
to be related to the spectra of the scattered H-field. This relationship
is obtained by enforcing boundary conditions on the septum and the strip

and can be written as

lim lim
H (=, ®/2+e)) +HE (v = (b/2 - €)) ’rJz
= (8)
lim lim I
B (y=_o ®/2+€) -8B (y=_ 5 (b/2-¢) L x
where € is a positive quantity.
Substitution of (6) and (7) into (8) leads to the following algebraic
equations:
h —
P—Z an r
Jow ©°8 (T) [Yn sn(a) - jahn(a)] Jz(“)
- €D
b
=2 'n nr
Tou 8 =) (v, fn(a) + (a) hn(a)] jx(a)
- -~ ~ -
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Substituting h_(a) from (5) into (9) and manipulating the resulting equations
n
leads to the following matrix equation for fn(a) and gn(a) in terms of the

transform domain currents jx(a) and jz(a).

i 22) [ ] ]

-ja &5 k2 - “a’z’ £ (a) gony, i, (@

k2 - a2 « & g_(a) ) 2cos (1!2!3) j_(a) o
L. @ jo & 3 L. L L 2 ]

An inversion of (10) gives

r T r nmw 2 n21r2 i W
£ (a) -ja (=) k™~ 2 jz(a)
n ~jwu a a
-2 YaP (1)
2k"y cos(——)
g (@ no 2 K -o? 3a@D 3,
. L - L. - e -

If the Fourier transforms of the currents jz(a) and jx(a) are known, we
can obtain fn(a) and gn(a) from (11). Subsequently, (2), (4) and (6) can
be used to derive the scattered fields by substituting for fn(ﬁ) and 8n,(a)
in those expressions. The remaining task is to solve for the transform
currents j_(a) and j_(a), using the Galerkin's method applied in the
transform domain.

First we express the corresponding space domain currents in terms of
a linear combination of a set of suitable basis functions‘ with unknown

coefficients,




™ 1" L
ud
Jx(x,z) cos QE—x) [Uciil Aipi(z) + UtAOPO(z)}
nn L
J,(x,2) tfn &) [chil BEQI(Z)]
cos.(gzx) Jx(z)

sin (%ﬂ-x) 3@

12)

where Uc and “t are truncation functions on the septum and the strip,
respectively,

1 =c<2<0,

0 otherwise

1 =(c+ d + t)<z<=(ct+d)

0 otherwise

Since the post is assumed to be of very small radius, we model it as
a strip of width t, which is also small, Hence, only the x-directed current
on the strip is expected to be significant. In (12), the unknowns to be
evaluated are the coefficients A's and B's. From (7) and (12) it can be
seen that

I

3, () 150 AP, (@)

= L

E BQQE(G)

3, (a) . (13)

2

where

0
1
Pi(a) i Lc pi(z) exp (jaz) dz, i=1,2,,..,1

r-(cl-d)
~(cHdHE) Po(2) exp (jaz) dz

Po(a) =5
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0
1
Q,(a) = = r q, (z2) exp (jaz) dz, 2 =1, 2, ,.., L
L 2n - 2 (14)

Replacing (13) in (11), one obtains the expressions for the transform

domain functions fn(a) and Gn(a):

R I
En(a) r(kz - :12_17_3) (150 AiPi(a)] - jalall [1151 quz(d)]
~jwu
- 2k2'¢‘n cos (1‘2‘3) . L
nw 2_.2
8, (a) Jo = [iilAipi(a)] + (k%-a?) (gilB“QQ(a)]
L J - .

(15)
Substituting these expressions in (2), (4) and (6) we obtain the final
results for the scattered fields in terms of the unknown coefficients
A's and B's, In order to find these unknown coefficients, we enforce the
boundary condition for the electric field on the septum and tbe strip,
which requires the total tangential component of the electric field to be

zero, i,e.,

E_S E*
x X
22 at y W —
s i
E -E
z z | (16)

Using (1), (2), and (15) in (16) we derive the following equations for A's

and B's.

K2 an, Z L 1 Y b ;
- ) 120 Al o tan ; P, (a) exp(-jaz) da
- = -l n

-4 2T I£ Br 2 tan (Y—nE)Q(a)ex(-jaz) da
jal-li.-wyn 2 . i

5 S A . - St Aoy - S0 TN > L3 g M, = it B ittt —
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P ) et ARV + v - ymnmase. L
11
nw
-2 B an kz mm -
on kz enmsin(-z—) exp (+ jsnmz), for TM modes.
= ¢
2 22 53 h  si (EE) exp (+ jB__z), for TE modes
b k2 pm S0V 2 P nm *’ )
c
j LLLE § A fe 2 tan (IEE) P, (o) exp (-jaz) da
P 27 "1 P

L = 2 2 vyb
108, [ =) (D90, exp (-foz) da

2
+ —L——wu enm sin (-—2) exp (+ jBnmz), for TM modes

0 , for TE modes a7

Now multiply both sides of (17) by the basis functions pi(z) and ql(z) and

integrate over z to obtain the following equations.

2 n21_2 L ® 1 an *
(k™ - —3) I A f — tan (——) P,(a) P,,(a) da
2 i Y 2 i i
a i=0 - 'n
- j M Iz‘ B fa __G_ tan (Z!-"-E) Q (a) Pk (Q) da
TS LR 27

T T Ty - Ny e
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-~ oommy
r-2(85)8 2 PY, (8,)
—3 m X o i3 nm , 1'=0,1,..,I for TM modes
wy k2 nm 2 P ® )
c i' “no
. < L 5
.
2 Px, (B_)
235 ko sin =X i nm , 1'=0,1,..,I for TE modes
L b kz nm 2 P B )
c it nm
- -
nr L — b
hn 2 3 %
i3 ifo Ay L Y, tan (Ynz) Pi(u) Q¥ (a) da
L © 2 2 Y b
- )
+121 B, / (k ~a ) tan ( ; ) Qz(a) Qf,(a) do
= -l n

4 2
“ 123 Q% (B )
[] zwt enmSin %E + o ’ 9‘"132,- . for TM modes
£ Q. (8 )

£' Tnm

— "

0 » L'=1,2,...,L for TE modes (18)

The upper quantities within the square bracket in (18) are associated
with positive z incident modes, and the lower quantities are associated
with negative z incident modes. Both cases are included because we are
interested in the transmission coefficients as well as the reflection
coefficients. The integrals are evaluated by numerical integration, and

the resulting system of linear equations is solved as usual for the

unknowns A's and B's by matrix inversion.




o g SO s W 5 '

The choice of basis functions, i.e., the psand q's, is based on
previous experience and the consideration of the behavior of the
currents at the edges of the septum and the strip. Only two terms for
the expansion of the currents on the septum are retained, which are
believed to be adequate for this analysis. The basis functions and

théir Fourier transforms are shown in Table 1.

Let us now consider the case of interest, namely, one in which the

incident fields are TEOm modes. We have n=0, and the following relations:

2 2
Yo ™ k° - az (19)
2
2 2 mn
80m = k” - (T-) (20)
- When n=0, (18) can be simplified to the following
Y b
. 2 fm tané%%-
I A ——+—— P _(a) P*,(a) da
120 ¥ le IQE i i’
2
P¥, (B, )
=% s1a@H 1t om0, 1, 2
nn 2 Om P ( )
i' Bom
2 ® Yob
lil B, {w Yy tan G—E') Ql(“) Q{,(a) da = 0, ¢'=1,2 (21

The equations for A's and B's are uncoupled. Therefore, A's and B's can

be solved for separately. The system of equations for B's is homogeneous,

P e e

e i PN ~y . A cied Shadiens sl Sratside




e et il 5.8 B i AT

14

Table 1. BASIS FUNCTIONS IN SPATIAL AND SPECTRAL DOMAINS

Spatial Domain Spectral Domain
z+chd+ %-2 t t taz
po(z) = expl[-(—) ] Po(a) = —— exp [-ja(cHd+ 5)] exp[-(77) ]
3 W/
l’I(Z) - - P,(a) = < ex (-j-crs) J (=2
o2 2 1 4 %P 2’ Y02
1_(2 c/ )
c/2
z +c/2
p,(2) = /2 P = 4% exp (-3 %) 1 ()
2
1- @& + c/2)
. c/2
S
3,
h : a,(2) =/1- @rol :,§’2> Q@ = £ exp (-3 S %
' 2
r’ / /2.2 5%
z + c/2 2z +c/2 2 2
q,(2) =77 - F— <72 ) Q,(a) = ‘Lexp (-3 2) T
2
JO’ Jl’ and J2 are Bessel functions of the first kind and of order zero, one, and

two, correspondingly.




which leads to the conclusion that all B's are zero. Consequently, there

are no components of the current in the z direction either in the septum

or the strip. In the following development, only the system of equations

for A's is investigated. Observe that the solution of A's involves an
inversion of a2 3 x 3 matrix, which is an easy task for the computer. How-

ever, the evaluation of the matrix elements involves nine complex integrals

to be numerically integrated. Since there are singularities in these integrals,
we must examine the integrands carefully to make sure that the numerical
integration is applied correctly to give accurate results in spite of the
singularities. Therefore, it is useful to write the expressions appearing

in the integrands of (21) in an explicit manner as follows:

2
g - e e 2 €57
, v
ct ca ta [ t
PR3 ’16/7 o ) exp ['(T) ) exp [ja(3 + 4 +§)] §
F |
ct ca ta, 2 c t
P,PY = Jo ) exp [-(G)7] exp Fiaz +d +3)]
- (522 ¢ t
PP% = -] —— 3, D [—(‘—“)21 jaE +d+3) ]
0'2 316/? 1 ) exe [5G0 1 exp [-ja(3 2!
1
P.P* = Ei 32 &
11 16 0 2
c2 2 ca
PPy =12 ] &) (22)




Note that Png, PZPI’ etc. are not of interest here because the corresponding

integrands are odd and therefore the integrals involving them are identically

zero. Now observe that the integrand in (21) contains a simple pole located
at o = 301 on the path of integration for 0 < a < » , provided that the

wave number satisfies the following condition:

=<k <3 (23)

This is the case when the incident field is the dominant, propagating mode
in the waveguide. Introduction of some loss in the medium clarifies the
position of the poles along the integration path, as shown in Fig. 2. Each
of the integrals in (21) can be written in the following form

-8 8
Iﬂ F(a)da = J 01 F(a)da + J 01 F(a)da + J
-t -0 . ..801

F(a)do + 7j Res (-801)

801

-2301 0
- 73 Res (801) = f F(a)da + f F(a)da
- =281

23
L [Fo

} F(a)da + Iﬂ F(a)da + 7j Res (-601) - mj Res (BOl)

0 2801

0
F(a)da + I [F(—2801 ~a) + F(a)] da

“Bo1

1
~2351

8
+ [ O (r(a) + F(28,, - o)] da

0

+ [° F(a)da + 7§ Res (-801) - 1j Res (801)
2801 (24)
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In the above equation, a bar across the integral sign means principal value
integration. The method of foldover as shown makes the new integrand remain
bounded at the singularity of the old integrand; hence, this new integral

is easily evaluated by the numerical method. Also, since the integrand

goes to zero rapidly as o becomes large, the integration limit « can be
replaced by a large number, e.g., 14 801. It should be noted that if the ’
foldover method was not used, the integral could still be evaluated numer- ;
icalliy, in some cases, but the integration limit = must be replaced by a much
larger number which requires increased computer time and the results are less
accurate. The residues given in (24) are easily calculated and are given

by the general form

4 *
Res(:8..) = P, (a) P,. (2)
01 " %8, 1 1 o = 2

01

with Pi (a) P:, (a) given in (22).
(25)

Having discussed the evaluation of the matrix elements in detail, we can
proceed to solve the matrix equation (21) to obtain the A's. Having found
these A's, we compute fo(a) from (15) and then calculate the scattered fields
from (2). For n=0, both E: and E; = (0, and there is only Ei, which can be
writcen as

E: (% <y <b) sin [Yo M =y)]

0 ' 2
- f -39ug I AP (a)
s b -= 2y, cos (yob] i=0
Ex(0<y<-2-) - sinyoy

exp (~jaz) da

(26)




kZ-aZ if k> |al

where YO =

j/a2-kZ if  k<lal

b
Let us evaluate (26) at y = 3,

2
s b -jkbZ, 2 = tan —— A
Ex(y'f) - — L}EO Al {m ——;EE—— P, (a) exp(-joz) do (27)

2

Since the scattered fields on both sides of the beam equalizer are given by
(27), we can compute the transmission and reflection coefficients by
normalizing these scattered fields to the incident field given in (1).

The reflection coefficient R can be expressed as

By
! R = ——
g2 | Y2
X z<0
-7 exp(jSOlz) 2
= h I A [2n] I Resi(cm)] (28)
3 o1 i=0 m=1,3,5,.."%

4 where the& poles are given by

:——1 ’ <
b =z -3 X - 2-( ) H Cm>3"j (mbl) _k2

1 01 b

and the residues at these poles are given by

4 Pi(-BOI) exn (szOl)

Resi(cl) =

2
b% (-85,
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P .
4 4 (x,) exp (me)

Resi(cm) = Resi(jxm) = 3 s m >3
b (jxm)
with x_ = \/(-‘PS-) -k2
t t X 2
Palixy) = —= exp [x (ctd+3)] exp [(7) ]

&/

X._.C
. c m c
Pl(Jxm) 5 eXP (——'2 ) Io (2 Xm)

. X.C
P?_(jxm) = J,f exp (4;—) ity (% xm)

0’ I1 are modified Bessel functions of the first kind. In deriving (28),

the integral in (27) has been evaluated by the residue theorem with the

and 1

contour closed in the upper half of the a-plane. By the same token, the
transmission coefficient T can also be obtained, except this time the contour

is closed in tha lower half of the a-plane.

8
Ex
T=- =2
Ex z2>0
~mexp(] 6012) 2
= in z Ai [-27j z Res1 (;m) ] (29)
0l i=0 m=1,3,5,..0

where the poles are given by

= k2~ ()

% " %1

= -3/ GH-k?

4

»>3
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and the residues at these poles are given by

4 Pi(BOI) exp ( JBOlz)
Res, (3.) =
i1 2
b Bo

1

4 P (=3x ) exp (-x 2)

Res, (7 ) = Res,(~-jx ) = , m>3
i —
m i m bz(-jxm)
with X, = v (mTTT)“-k2
t t :sz
P‘O (-jxm) = —— exp [-xm(c+d+ 7)] exp [(~T)]

&/n

P (ixg) =g ex %) Iy G X

P, iy = Lexp (x, P i1, Gl
and Io, Il are nodified Bessel functions of the first kind. Numerical
results indicate that minimum reflection and maximum transmission can be
achieved if the separation between the septum and the strip is 0.1
wavelength for the given dimensions in Fig. 1.

The radiation pattern of the waveguide feed with beam equalizer
can now ve computed in the following manner. First, the aperture field
distribution in the plane containing the waveguide mouth is estimated by
a superposition of the waveguide mode field at this plane with each mode
being weighted by the corresponding transmission coefficients for the modes.
Since the transmission coefficients have been evaluated at a different
reference plane, it is necessary to refer these transmission coefficients

back to the aperture plane. This is done by multiplying the transmission
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coefficients by an appropriate correcting factor, which is a phase factor

- for a propagating mode and is an exponential factor for an attenuated
mode. The radiation pattern is then obtained by the familiar Fourier
transform relation between the far field and the aperture field. For TEnm
modes, the far fields are given by the following expressions [2]:
1/2 2 8 B
E, = - & "gb) 52288 (14 22 coso 4+ R (1 - 2 coso)]
2X°R k
nm
nr . 2 mT 2, -
+ [ sing)™ - G cos9)™] ¥ (8,9)
E = - 63)1/2 (n'ab)2 sinB sin¢ cosd
* € 2 A3 R
+ [cos® + EEE + R (cosf - EBE)] ¥ (8,0) ’ (30)
k k nm
Ta n b
with sin(5 siné cos¢ + 5N) sin(5> sin® siné + o0)
wnm(9’¢) i Ta 2 nn 2 . mh 2 mrz .
(5 sind cos¢) - () (5 sin® sind) - (—2-'-)

. exp { -} [kR-% sin® (a cosé + b sind) - (n+mtl) %.

where (R,9,¢9) are the conventional right-handed spherical coordinates. The
total radiation pattern is then obtained by a superposition of these
individual mode patterns with the appropriate transmission coefficients

referenced at the aperture plane. Computed patterns and measured results

are presented in the next section.
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I1I. Computed Results

The performance of the square waveguide feed with beam equalizer is

evaluated over a frequency band of operation. The computed radiation

patterns in the E- and H-planes are presented in Figure 3. The beam
equalization is quite satisfactory over the entire band. The corresponding
aperture field distributions are shown in Figure 4. Looking at these
aperture distributions, one can explain how the beam equalizer works. It
goes as follows. The aperture distribution for the E-plane pattern

is uniform which gives a familiar (sin x)/x type pattern. The H-plane
pattern is due to a cosine-taper type of aperture distribution if there is
no beam equalizer present. Hence, the beamwidth is larger than that of

the E-plane pattern for a square waveguide aperture. However, the intro-
duction of the beam equalizer forces the H-plane aperture field to vanish
at the center of the aperture, which makes the field distribution look more
uniform. Hence, the main lobe of the H-plane pattern narrows to achieve
the beam equalization effect in the E- and H-planes. The pattern is mainly
determined by the septum; the post is present for impedance matching. The
computed reflection coefficients over the frequency band are shown in

Table 2.

IV. Conclusions

A septum and an impedance matching post used as a beam equalizer in an
open-ended waveguide-feed for reflectors used in satellite communications
systems have been analyzed by using a spectral domain approach. The
computed radiation patterns in the E- and H-planes, as well as the

impedance match results, have been presented in the paper. The performance

er————— =
WA . y A ’ o " : . e R




*pueq Aduanhaay 1a3uad Yoy v 30
agpapueq ismoy e saue[d-y pue -j uj suiailjed uoyierpey °(e)f 2in3r4

o0
00l oS 0

24

(,06=$) INVId-H NI P —~--
(,0=¢) INVId-3I NI 83 —— o

s wwer—=orvempraersemempyn . ,..
il - it i itk SEl ‘ N . P B N N [ s
e » AR - _ R " Y e ) T -




*pueq Aduoanbaiaj 19juad Yo €
jJo Aouenbaij 13juao je saueyd-| pue -j uy surajjed uojjerpey °(q)g 3andyy

0

Oob-

og-

8a

0c-

e G A gl VARG VAL B R e 5265 Aol e e
25

& (,06=¢) INVId-H NI P3-—--
| (,0=¢) INVId-3 NI 63 ——

e YV Rt WYL R L AW 111 o e ] TSRO IR Ny



. ‘pueq Adudnbaiy 13yuas %01 e
3o a8papueq raddn 1e ssuejyd

-H pPue -3 uy sulajjied uoryeypey *(9)¢ sandyy

26

(c06=%) INVId-H NP3 - _
(0=#) INVId-3 Ny 63 —




*pueq Aouanbaaj
193u8d YT © jo 98papueq 19Mol I® uoyInqialisyp ainjaady " (e)y 2anByy

0])0) 800 900 00 200 0
r ! ! O

00S

27

000! x

006Gl

|
w
|

ik s S O S s i 1 st v i ok T

e B et




*pueq Aduanbaiy
133U32 %1 B 3O Aduanbaij 1331udd I UOTINGIIAISTP dInliady

010 800 900 00 200

*(4)y 2anBy4

I ' i




*pueq Aouanboaiay
I23uad 701 e jo a8papueq i1addn e uoTInqjiIsfp ainyzady ° (D)4 aindyy

Oolo 800 900 00 200 0o

— T T T T (0]

00¢

010) -

008

000!l

J ooz ..

e et



TABLE 2

REFLECTION COEFFICIENTS OVER THE FREQUENCY BAND

Frequency (GHz) Reflection coefficient T VSWR = i—ﬂ"?‘-
' 3.75 0.2729/-130.25° 1.751
3.85 0.1879/-134.90° 1.463
2 3.95 0.1071/-142,02° 1.240
4,05 0.0358/-167.87° 1.074
4.15 0.0442/73.10° 1.092
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l
| of the beam equalizer over the entire band of operating frequency has
b
‘ . been evaluated. The results indicate that the E- and H-plane principally

; polarized patterns are equalized extremely well over the entire frequency

band of operation and that the impedance matching is also satisfactory.

References

: [1] R. Mittra and T. S. Li, "A spectral domain approach to the numerical
solution of electromagnetic scattering problems," AEU, vol. 29,
PP. 217-222, 1975.

[2] s. Silver, Microwave Antenna Theory and Design, M.I.T. Radiation

Laboratory Series, McGraw~Hill Company, New York, 1949,







